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(57)Abstract: 

PROBLEM TO BE SOLVED: To provide a galvannealed 
steel sheet which has excellent press formability to 
maintain a good sliding characteristic at the time of 
pressing and to substantially prevent the occurrence of 
powdering. 

SOLUTION: This steel sheet has a plating film which 
contains 0.20 to 0.50% Al, 8 to 15% Fe and 0.01 to 0.20 
Mg and has microrecesses below 50% of an average 
thickness in plating thickness at 1 to 10% at a cross- 
sectional length rate and in which the surface roughness 
Ra thereof is <1.2 ym. An Al oxide and Mg oxide of the 
amount corresponding to 1 to 50 mg/m2 in total weight of 
metal Al and metal Mg are more preferably incorporated 
into the surface layer of the plating film in addition to Zn 
oxide and Fe oxide. 
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ABSTRACT: 

PROBLEM TO BE SOLVED: To provide a galvannealed steel sheet which has 
excellent press formability to maintain a good sliding characteristic at the 
time of pressing and to substantially prevent the occurrence of powdering. 

SOLUTION: This steel sheet has a plating film which contains 0.20 to 0.50% 
Al, 8 to 15% Fe and 0.01 to 0.20 Mg and has microrecesses below 50% of an 
average thickness in plating thickness at 1 to 1 0% at a cross-sectional length 
rate and in which the surface roughness Ra thereof is ≤ 1.2 μm. An Al 
oxide and Mg oxide of the amount corresponding to 1 to 50 mg/m2 in total weight 
of metal Al and metal Mg are more preferably incorporated into the surface 
layer of the plating film in addition to Zn oxide and Fe oxide. 
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* NOTICES * 

Japan Patent Office is not responsible for any 
damages caused by the use of this translation. 

1 This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2 **** s j! 0WS t h e worc j w hich can not be translated. 
3. In the drawings, any words are not translated. 



CLAIMS 



[Claim(s)] 

[Claim 1] Chemical composition by weight % aluminum:0.20-0.50%, Fe:8-15%, It is an alloying hot- 
dip zinc-coated carbon steel sheet equipped with the plating coat which it contains Mg:0.01 to 0.20%, 
and the remainder becomes from Zn and an unescapable impurity. The galvanization coat The alloying 
hot-dip zinc-coated carbon steel sheet excellent in the press-forming nature which has the micro cave-in 
with which plating thickness does not fill 50% of average plating thickness 1 to 10% at the rate of cross- 
section die length, and is characterized by the surface roughness of a plating coat being 1.2 micrometers 
or less in arithmetic mean granularity Ra. 

[Claim 2] It adds to Zn oxide and Fe oxide at a plating coat surface, and is 1 - 50 mg/m2 at the sum total 
weight of Metal aluminum and Metal Mg. Alloying hot-dip zinc-coated carbon steel sheet excellent in 
the press-forming nature according to claim 1 characterized by having corresponding aluminum oxide 
and corresponding Mg oxide of an amount. 

[Translation done ] 
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* NOTICES * 

Japan Patent Office is not responsible for any 
damages caused by the use of this translation. 

1 .This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2 **** s h ows the word which can not be translated. 

3 . In the drawings, any words are not translated. 

DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Field of the Invention] This invention relates to the alloying hot-dip zinc-coated carbon steel sheet 
excellent in the suitable surface sliding nature and the press-forming nature for industrial fields, such as 
an automobile, home electronics, and a building material. 
[0002] 

[Description of the Prior Art] When using current and a hot-dip zinc-coated carbon steel sheet as a 
sheathing material of an automobile, in order to raise the adhesion of a plating layer and the paint film 
on it, an alloying hot-dip zinc-coated carbon steel sheet is often used. Usually, the preheating of the base 
material is carried out with a continuous furnace, it is annealed in the reducing atmosphere which 
consists of hydrogen and nitrogen mixed gas, after cooling to near the plating bath temperature, it 
immerses for it and carries out hot dip zincing to a galvanization bath, an alloying hot-dip zinc-coated 
carbon steel sheet is reheated after that, carries out the Fe-Zn alloying of the plating coat, and is 
manufactured. In order to avoid un-galvanizing, the dew-point of a reducing atmosphere is adjusted to - 
20 degrees C or less. 

[0003] As a base material, although low carbon aluminum killed steel was used conventionally in many 
cases, deep drawability is required more often with expansion of the application in recent years, and use 
of IF steel (Interstitial Free steel) is increasing. IF steel adds Ti, Nb, etc. to super-low carbon steel, is the 
ingredient which used as carbide, a nitride, etc. dissolution elements contained unescapable in steel, such 
as N and C, and was fixed, and has the features that workability is excellent in non-aging. 
[0004] Super-low carbon Ti addition steel carries out hot dip zincing of the aluminum concentration 
using the galvanization bath made low, and if alloying processing is carried out, compared with the case 
where it galvanizes to a low carbon aluminum killed steel sheet, an alloying rate will become large, and 
it will be easy to be formed as a columnar crystal with big and rough zeta phase (FeZnl3). In addition to 
surface roughness becoming coarse, since zeta phase is an elasticity phase, sliding nature with the metal 
mold at the time of a press falls, and a press crack and galling tend to generate it. 
[0005] Generally, it is known for the alloying hot-dip zinc-coated carbon steel sheet by making 
aluminum concentration under galvanization bath high that the powdering-proof nature and adhesion of 
a plating coat will improve. However, in the alloying processing plating coat front face at the time of 
using IF steel as a plating base material, it is easy to generate the part (micro cave-in) to which the 
plating coat became very thin. A micro cave-in spoils the sliding nature between a plating coat and the 
metal mold at the time of a press, and becomes the cause which a press crack and galling generate. 
[0006] thus, the case where super-low carbon Ti addition steel is specifically used as a plating base 
material if it was in the conventional technique — (1) - it is difficult to obtain a smooth coat and the 
workability at the time of (2) molding is inferior — it has the trouble of **. 

[0007] In order to solve such a problem, the technique shown below is indicated. The alloying hot-dip 
zinc-coated carbon steel sheet which raised the image clarity after paint is indicated by JP,7-18401,A by 
setting the crevice of the surface roughness on the front face of the maximum of an alloying hot-dip- 
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zincing layer to 3-10 micrometers, and setting heights to 3 micrometers or less, maintaining press- 
forming nature. 

[0008] The alloying hot-dip zinc-coated carbon steel sheet with which the crevice which is satisfied with 
the plating surface section of an alloying hot-dip zinc-coated carbon steel sheet of relative load die- 
length:30%-90% under 2 micrometers from more than depth:2micrometer, number:200-8200/mm2, and 
the highest summit of the mountain is formed in the front face and which has improved press-forming 
nature and the image clarity after paint is indicated by JP,7-18402,A. 

[0009] The manufacture approach of an alloying hot-dip zinc-coated carbon steel sheet carries out hot 
dip zincing of the aluminum to the plating base material with which Ra cold-rolled and obtained the hot 
rolled steel plate using the roll of surface roughness 0.8 micrometers or less using the plating bath 
contained 0. 10 to 0.25% of the weight, and carries out [ the approach ] alloying processing, and Ra 
carries out [ the approach ] temper rolling to JP,7-180018,A using the roll of surface roughness O.Smicro 
or less of having the image clarity after paint and having excelled in press nature and powdering-proof 
nature is indicated. 

[0010] Each of these techniques tends to improve press-forming nature by forming in the plating coat 
front face at the time of a press the micro pool where a press oil is held. However, even if obtaining the 
plating steel plate which is stabilized only now and has desired smoothing established the micro pool of 
a press oil in the plating front face the difficult top, the improvement effect of sliding nature was not 
enough. 
[0011] 

[Problem(s) to be Solved by the Invention] The purpose of this invention is offering the alloying hot-dip 
zinc-coated carbon steel sheet which is excellent in the press-forming nature which solved the trouble 
about the sliding nature of the front face of the above alloying hot-dip zinc-coated carbon steel sheets, 
and controlled generating of a micro cave-in. 
[0012] 

[Means for Solving the Problem] this invention persons used super-low carbon Ti addition steel as the 
plating base material, and about the alloying hot-dip zinc-coated carbon steel sheet manufactured using 
the plating bath which raised aluminum concentration, as a result of repeating research variously about 
the improvement approach of surface smoothing and sliding nature, they acquired the following 
knowledge. 

[0013] The aggregate of the Fe-Zn intermetallic compound of the shape of the fine heart progresses 
rapidly on the grain boundary on the front face of a base material at the time of alloying processing 
(burst reaction). In the advance process of a burst reaction, un-solidifying [ Zn ] on the inside of crystal 
grain on the front face of a base material can draw near according to capillarity, the burst section grows, 
with advance of alloying, the thickness difference the burst section and in the inside of crystal grain 
increases, and a micro cave-in progresses. 

[0014] In order to obtain the outstanding press-forming nature, it is important to make into 1 - 10% the 
generating ratio of the micro cave-in (it is only hereafter described also as "50% concavity") with which 
plating thickness does not fill 50% of the average at the rate of cross-section die length. 
[0015] When a melting zinc plating bath is made to contain Mg of optimum dose, even if it raises 
aluminum concentration of a plating bath, there is effectiveness which controls generating of a micro 
cave-in of the alloying galvanization coat obtained. From making Mg contain, own surface tension of 
melting zinc declines and it is guessed because [ to the burst section based on capillarity ] it draws near 
and an operation is controlled. 

[0016] Mg contained in the plating coat carries out priority oxidation rather than aluminum by the 
alloying processing process, and forms the same firm oxide film as aluminum in a plating coat surface. 
Thus, by having an oxide more nearly hard than a plating coat, the sliding nature between metal mold 
and a plating coat is improved. Furthermore, since the direct contact to the plating coat itself and metal 
mold is prevented, the adhesion phenomenon between a plating coat and metal mold can be prevented, 
and poor galling at the time of press working of sheet metal can be controlled. 

[0017] This invention is completed based on these knowledge, and the summary is in the alloying hot- 
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dip zinc-coated carbon steel sheet which was excellent in following (1) and (2) at the press-forming 
nature of a publication. 

[0018] Chemical composition by weight % (1) aluminum:0.20-0.50%, Fe:8-15%, It is an alloying hot- 
dip zinc-coated carbon steel sheet equipped with the plating coat which it contains Mg:0.01 to 0.20%, 
and the remainder becomes from Zn and an unescapable impurity. The galvanization coat The alloying 
hot-dip zinc-coated carbon steel sheet excellent in the press-forming nature which has the micro cave-in 
with which plating thickness does not fill 50% of average plating thickness 1 to 10% at the rate of cross- 
section die length, and is characterized by the surface roughness of a plating coat being 1.2 micrometers 
or less in arithmetic mean granularity Ra. 

[0019] (2) Add to Zn oxide and Fe oxide at a plating coat surface, and it is 1 - 50 mg/m2 at the sum total 
weight of Metal aluminum and Metal Mg. Alloying hot-dip zinc-coated carbon steel sheet of the above 
(1) characterized by having corresponding aluminum oxide and corresponding Mg oxide of an amount. 
[0020] 

[Embodiment of the Invention] Below, the gestalt of operation of this invention is explained at a detail. 
In addition, % display of a metallic element described below means weight %. 

[0021] (a) Chemical composition aluminum of a plating coat : the powdering-proof nature and adhesion 
of a plating coat improve, so that aluminum content of a plating coat becomes high. When not filling 
aluminum content of a plating coat to 0.20%, the adhesion of a plating coat is not good. It is 0.25% or 
more preferably. However, if aluminum content exceeds 0.50%, in it becoming difficult to control too 
much generating of a micro concavity 50%'s, since an alloying rate falls too much, in order to realize 
predetermined alloying, it will be necessary to raise alloying temperature or to lengthen alloying time 
amount, and operation nature will fall. For this reason, aluminum content of a plating coat is limited to 
0.50% or less. It is 0.40% or less preferably. 

[0022] Fe: When there are too few Fe contents of a plating coat, possibility that zeta phase remains on a 
plating coat surface is high, and there is a possibility that sliding nature may fall and a press crack may 
occur. In order to avoid this, Fe content of a plating coat is made into 8% or more. It is 9% or more 
preferably. However, if Fe content exceeds 15%, a weak alloying phase will increase by hard, 
powdering (phenomenon in which a plating coat is broken by powder and exfoliates) will occur at the 
time of press forming, and the workability and product quality of a press will be spoiled. In order to 
avoid this, Fe content of a plating coat is limited to 15% or less. It is 12% or less preferably. 
[0023] Mg:Mg has the operation to the burst section of non-solidified zinc which draws near, weakens 
an operation and controls generating of a micro cave-in at the time of alloying processing. In order to 
acquire this effectiveness, a plating coat is made to contain Mg 0.01% or more. It is 0.03% or more 
preferably. 

[0024] If Mg content exceeds 0.20%), powdering-proof nature will fall remarkably. If this makes Mg 
contain too much, it will be conjectured to be because for a plating coat to become hard. Therefore, Mg 
content is made into 0.20% or less. It is 0. 10% or less preferably. 

[0025] The chemical composition of the plating coat of the alloying hot-dip zinc-coated carbon steel 
sheet of this invention consists of Zn and an unescapable impurity except specifying above. 
[0026] (b) The plating coat of the alloying hot-dip zinc-coated carbon steel sheet of micro cave-in this 
invention has the micro cave-in (50% concavity) with which the thickness of plating does not fill 50% of 
the average 1 to 10% at the rate of cross-section die length. 

[0027] Drawing 1 expresses the cross section of a plating coat typically. The rate of cross-section die 
length of 50% concavity which this invention specifies is the die length Di of the impression part on the 
front face of plating which crosses the segment of die-length L lengthened in parallel with a plating side 
in 50% of location of average plating thickness H on a cutting plane perpendicular to a steel plate front 
face as shown in drawing 1 . Di [ as opposed to / ask and / Segment L ] A peace ratio (sigmaDi/L) is 
computed. It carries out about the perpendicular cutting plane which cut such measurement in the 
direction of arbitration to the rolling direction, and computes as the arithmetic mean value. 
[0028] If a concavity exists exceeding 10% at the rate of cross-section die length 50%o, the surface 
roughness of a plating coat will become large too much, and it will become the cause which sliding 
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nature falls and a crack produces at the time of press forming. For this reason, the rate of cross-section 
die length of a concavity is made into 10% or less 50%. Preferably, it is 5% or less. On the other hand, a 
possibility that the holdout of the press lubricating oil in a plating steel plate front face may run short in 
not filling the rate of cross-section die length to 1%, lubrication may be insufficient at the time of press 
forming, and mold galling and a press crack may arise increases. For this reason, the rate of cross- 
section die length of a concavity is made into 1% or more 50%. 

[0029] (c) Controlling generating of a micro cave-in, when improving the surface roughness press- 
forming nature of a plating coat works effectively on a surface smooth disposition. However, as 
mentioned above, when alloying processing temperature is made low too much, zeta phase progresses, a 
huge columnar crystal is formed in a plating coat surface, surface roughness becomes large, and press- 
forming nature may be spoiled. Therefore, in order not to spoil press-forming nature, surface roughness 
of a plating coat is set to 1.2 micrometers or less by the arithmetic mean granularity (Ra) defined by JIS- 
B0601. Preferably, it is 0.9 micrometers or less. 

[0030] (d) The oxide aluminum oxide and Mg oxide of a plating coat surface : each of aluminum oxides 
and Mg oxides controls the adhesion phenomenon over the metal mold of the increase of the hardness of 
a plating coat front face, and a plating coat, and has the operation which improves sliding nature and 
raises press-forming nature. 

[003 1] For this reason, it is 1 mg/m2 considering aluminum oxide and Mg oxide as the total quantity of 
aluminum and Mg in an oxide to the Zn-Fe oxide formed in a plating coat surface by the alloying 
processing process. It is good to make it contain above. They are 5 mg/m2 preferably. It is above. 
[0032] However, if the amount of aluminum oxide and Mg oxide increases too much, chemical 
conversion nature will deteriorate. For this reason, the amount of these oxides is 50 mg/m2 as the total 
quantity of aluminum and Mg in the above-mentioned oxide. It is good to consider as the following. 
They are 25 mg/m2 more preferably. It is the following. 

[0033] Although the amount of formation is controlled and the contribution to sliding nature becomes 
small about the oxide of Zn and Fe since the oxygen in atmospheric air is intercepted with Mg oxide or 
aluminum oxide, it contains also with a minute amount. 

[0034] There are no limited matters other than the above in the plating steel plate of this invention. Since 
a moldability is excellent, although the cold rolled steel plate of a super-low carbon system is desirable, 
a base material may not be limited to this and low-carbon steel and various kinds of high-tensile-steel 
plates are sufficient as it. It is not necessary to also limit the class of base material steel plate to a cold 
rolled steel plate, and a hot rolled steel plate is sufficient as it. Especially the coating weight of a plating 
coat is viewpoints, such as an ease of coating weight control, and powdering prevention, to per [ 25 ] 
one side - 80 g/m2, although it does not limit. It is suitable, furthermore, the suitable range - 30 - 70 
g/m2 it is . The field which galvanizes may also be one side or both sides. After treatment by which 
chemical conversion and others are usually performed on a plating coat may be performed. 
[0035] Although the manufacture approach of the alloying hot-dip zinc-coated carbon steel sheet of this 
invention is arbitrary, the approach described below, for example is suitable. 
[0036] Although an annealed material is sufficient as a plating base material, it is efficient to give 
recrystallization annealing by approaches, such as continuous annealing, before hot dip zincing. After 
washing, surface grinding, etc. are given, it is heated and returned by the approach usually performed, 
when a base material is a non-annealed material, i t is ann ealed, and it is cooled to near the temperature 
of a plating bath, and the galvanization of the hot dip zincing is immersed and carried out to the plating 
bath of predetermined chemical composition. 

[0037] A galvanization bath is good to use the plating bath which aluminum:0. 05-0.3% and Mg:0.01-^\ 
0.2% are contained, and the remainder becomes from Zn and an unescapable impurity. After hot dip 1 
zincing is carried out, it is heated by predetermined alloying processing temperature according to the 
usual approach, and it is cooled, after predetermined carries out time amount maintenance and being 
alloyed. It is good on the heat treatment conditions for 5-30 seconds at 480-550 degrees C which does 
not limit especially alloying conditions, either, for example, is usually used. Radiation heating, high- J 
frequency induction heating, energization heating, etc. are good by any means also about a heating 
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means, after alloying processing was performed - temper rolling — carrying out — the quality of the 
material and a front face — it is good to adjust description. Adjustment of the flat configuration by 
leveling etc. and after treatment to which chemical conversion and others are usually carried out further 
may be performed. 
[0038] 

[Example] (Example 1) The end plate with a width of face [ of 100mm ] and a die length of 200mm 
obtained from the cold rolled steel plate with a thickness of 0.70mm it is thin from the chemical 
composition shown in Table 1 was used as the base material, and the alloying hot-dip zinc-coated 
carbon steel sheet was produced by the approach described below. 
[0039] 

[Table 1] __ 
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[0040] Cleaning washing was carried out using the NaOH water solution 10 75-degree C%, and the end 
plate of a base material was annealed for 60 seconds at 820 degrees C in the ambient atmosphere of -40 
degrees C of dew-points which consist of hydrogen 20 volume % and the remaining nitrogen. It cools to 
about 460 degrees C after annealing, less than [ Mg:0.22% ] is contained aluminum:0. 10-0.4%, after 
being immersed in the 460-degree C galvanization bath which the remainder becomes from Zn and an 
unescapable impurity for 2 seconds, high-pressure air is sprayed, and it is plating coating weight per one 
side 60 g/m2 It adjusted. Then, it cooled to ordinary temperature, alloying processing which is immersed 
in a 500-degree C salt bath, and is held for 15 - 30 seconds was performed, and temper rolling with an 
elongation percentage of 0.8% was performed further. The following investigations were performed 
about the test piece obtained from these steel plates. 

[0041] Chemical composition of a plating coat: The test piece of 25mmphi was extracted from the 
above-mentioned steel plate, the plating coat was dissolved in the hydrochloric-acid water solution of 10 
volume % which did 0.5 volume % content of commercial inhibitor, the obtained solution was analyzed 
by the inductive-coupling RF plasma spectral-analysis method (the ICP method), and the chemical 
composition of a plating coat was searched for. 

[0042] The rate of cross-section die length of 50% concavity: The die length of the concavity which 
grinds a perpendicular cutting plane on the surface of a test piece, observes the polished surface by one 
500 times the scale factor of this with a scanning electron microscope, and is observed in 50% of 
location of the average thickness of a plating coat between the supposed segments with an parallel to a 
plating coat front face die length of 500 micrometers was measured, and it computed as a ratio to 500 
micrometers of those sums. It carried out about five cutting planes which cut such measurement in the 
direction of arbitration to the rolling direction, and the average was calculated. 
[0043] Powdering [-proof] nature: Pierce a disk with a diameter of 60mm from the above-mentioned 
steel plate, and it is the slushing oil of marketing of kinematic viscosity of 10.5mm 2 / second 2 g/m2 
Oiling was carried out and the cupping trial was performed by punch diameter :30mm, dice 
diameter:3 5.4mm, die shoulder radius:3mm, and blank holder force: 500kgf. After removing the slushing 
oil adhering to the obtained mold goods using a solvent, the piece of a plating coat in which the inside- 
and-outside periphery of mold goods has exfoliated using adhesive tape was removed, the weight of 
subsequent mold goods was measured, and the amount of powdering of a plating coat (exfoliation 
weight of the plating coat per mold goods) was measured from the difference with the weight in front of 
cupping. 

[0044] Coefficient of friction of a plating coat front face: Coefficient of friction was measured using the 
high planar pressure U slot shaping testing device shown in drawing 2 . At drawing 2 , it is the spacing 
Hd of a die 4. : 32mm, shoulder radius Rd of a die : 5mm, width of face Hp of punch 2 : 30mm, the die 
length of punch: 60mm, shoulder radius Rp of punch : It is 5mm. The blank holder 5 of the shape of a 
semicircle column with a radius of 5mm is formed in the blank holder 3. The pressurizer (not shown) 
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which can adjust a pressure independently, respectively is prepared in punch 2 and a blank holder 3. The 
front face of these tools was ground to the 2-way which intersects perpendicularly mutually using the 
emery paper of #600. Width of face: It is the slushing oil above-mentioned to a test piece (30mm and 
die-length:270mm) 2 g/m2 It applied at a rate, and set in the testing device, the blank holder force P was 
changed in the range of 750-1 500kgf, and it fabricated to U typeface. The press fit rate of punch was 
considered as a part for 60mm/. It asked for maximum load Fmax. at the time of punch press fit, and 
asked for coefficient of friction mu by mu=dFmax V(2dP). The case where mu was 0.22 or less was 
judged to be good. 

[0045] plating adhesion: ~ die-length: - one side of the ends of the die-length direction of two test 
pieces (100mm and width-of-face:20mm) - heavy cost - :12.5mm and adhesives - coating thickness - 
: — as about 250 micrometers, 1 liquid type structural steel worker epoxy system adhesives were applied, 
it pasted up, and the piece of an adhesion test which makes the die-length direction the direction of 
hauling was produced. Pull this piece of an adhesion test, carry out a tensile test by part for rate: 1mm/, 
and a plating coat is made to exfoliate from a base material front face, and maximum load which 
exfoliation took is **(ed) in the area of a joint, it asks for shear tensile strength, and shear tensile 
strength is 140 kg/m2. It was above, or the adhesion of a plating coat was evaluated, having used as 
good the case where cohesive failure was carried out within an adhesives layer. 
[0046] Chemical-conversion nature: The test piece was degreased and chemical conversion of a zinc 
phosphate system was performed using commercial processing liquid. The homogeneity of a chemical 
film was observed by SEM and the following criteria estimated chemical conversion nature. 
[0047] 

O : the coat is formed in homogeneity. 
**: There is a part in which the coat is not formed, 
x: The coat is not formed at all. 
These measurement results were shown in Table 2. 
0048] 
Table 2] 
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[0049] There was chemical composition of a plating coat within limits which this invention specifies, 
each of test number 2-4 the rate of cross-section die length of 50% concavity and whose total quantities 
of aluminum and Mg in an oxide are within the limits which this invention specifies, and 7, 10, 1 1, 14 
and 15 showed good powdering-proof nature and sliding nature, and the adhesion of the plating coat to a 
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base material was good as shown in Table 2. In the test number 1 whose aluminum content of a plating 
coat was too low, the adhesion of a plating coat is good and inside ** and shear tensile strength were 
low. In the test number 5 whose aluminum content of a plating coat was too high, there are many micro 
cave-ins, surface roughness was coarse, and sliding nature was not good. The test number 6 which had 
too few Fe contents of a plating coat did not have good sliding nature, either. The test number 8 which 
had too many Fe contents, and the test number 13 which had too many Mg contents did not have good 
powdering-proof nature. There are many micro cave-ins, the test number 9 which did not contain Mg 
had coarse surface roughness, and its sliding nature was not good. The test number 14 which there were 
too many Mg contents and had too much Mg oxide did not have good chemical conversion nature. Since 
alkaline degreasing was carried out using the NaOH water solution 10%, the test number 16 for which 
the total quantity of aluminum oxide and Mg oxide was insufficient did not have good sliding nature. It 
is surmised that it will be because the oxide film was destroyed easily. 
[0050] 

[Effect of the Invention] Since the holdout of the lubricating oil at the time of press forming is excellent, 
it is hard to generate a crack and galling even if the sliding nature of a steel plate is good and receives 
severe processing since a hard oxide is contained on a plating coat front face and it has still more 
moderate surface roughness, and the alloying hot-dip zinc-coated carbon steel sheet of this invention is 
excellent also in powdering-proof nature, it is suitable as a material for press working of sheet metal. 
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